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Introduction

» Chiral gauge theories are very important.
e.g. Standard model, GUT...
» Open problem : Latice formulation of Chiral gauge theories
U(1) (uiischer, 1008)..., SU(2) X U(1) [Kikukawa, Nakayama, 2000]. ..
Recently, Bosonization-based approach

in 2D U(].), [Berkowitz, Cherman, Jacobson, 2023], [DeMarco, Lake, Wen, 2023],...

Fermion <= Boson = Lattice formulation

Advantages
» Exact chiral symmetry

» Simple formulation
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Continuum theory : 2D fermion action via Bosonization

According to Bosonization rule,

massless Dirac fermions ¢» and compact boson ¢ [Coleman,1975], [Mandelstam, 1975]
20 Tad 1 2
APx iy ~ — d*x 0,¢0,.¢
Mo, 8m M,

and, conservation laws of axial and vector currents :
Oydap ~ 0 (Vy,7510) ~ 0,0,¢ = 0 (Equation of motion),
Oydv pu ~ 0, (Vy,00) ~ €,,0,,0,6 = 0 (Bianchi identity).

Chaged objects (Sources of currents)
Axial trans : e/ — e/®e/®, Vector trans : M(x) — M(x)e™

M(x) is an operator imposes J,jv,, # 0 at x. (Roughly, “monopole”.)

Representing singularity M(x) on the lattice is a non-trivial task.
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Lattice field contents

Let us consider a 2D compact boson on the lattice.

The fundamental d.o.f on site : e/#(")(Compact : ¢(n) ~ ¢(n) + 27)
“Invariant derivative”

O¢(n, p) = Ln[e="¢Mei®(+M] = A, ¢(n) + 27ly 0 (n), £a(n) € Z

—1 < 2Ine®) < 71, ¢(n) = Lin e

|
Under the admissibility condition sup,, , [0¢(n, u)| < e < 7,

— em,Aﬂad)(n, v) = 0 (Bianchi identity) e.g. [Fujiwara, Suzuki, Wu, 2000]

Plaquette

=0

Admissibility imposes vector-like symmetry on the lattice.
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Excision method [Abe, et.al., 2023

Now, at anywhere, €, A,0¢(n,v) =0 .
However, we want vector charged objects.
Naively, this is €,,A,0¢(n,v) # 0, we cannot (?)

— Excision method (making a “hole”)

Excision method

We can define vector charge m = 5=, \cop 9¢(n, 1) € Z

When |0D| > 27 /e, m can be non-zero value.
|

{
D

5/11



Background gauging
Our goal : Construct anomaly-free chiral gauge theory

—We want to derive gauge anomaly.
Our background gauged action (Ele-mag gauged action in [abe, etal. 2023])

= Y | g0 D0 ) + 5 avecun A DG+ 1)

flavor : o n€ My

i ~ ~ ~
+ aquawaW(”)Q%z(" +a+D)

Dé(n, ) = %m [e*"%(")u(n, M)2qA,aei¢a(n+ﬂ)]

= Apda(n) +2qa,aAu(n) + 2mla,nu(n)

1
Fuv(n) = = In [U(n, p)U(n+ fi,v)U(n+ D, w)~rU(n, v)™!]
= A AL (n) — AL AL(n) + 27Ny, (n)
For technical reasons, we put copies on dual lattice.U(n, u) = U(#, u)
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Gauge anomaly

Under the gauge transformation,

$a(n) = da(n) = 2qa,aN(n),
U(n, ,U;) N e—[/\(n) U(n, H)ei/\(n+ﬁ)7

U(A, p) — e~ U(#, )™

Then, we can check

ASp = (gauge anomaly) o< >, qaaqv.a(d e, NA)F(n) +---)
Anomaly cancellation condition : ) ga.qv,. =0

= The gauge field can be dynamical.

= We can construct anomaly-free lattice chiral gauge theory!
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Selection rule |

In the presence of the “hole” (labeled by /),

ASg gets additional term : ASg =--- — iZi,a q\/’am,:a/\(ﬁ*’;)

—iY5 . av.am; A(fi, ;) means vector trans of vector charges.
_ 1 2940

Where, m; , = 523, eop Dda(n, 1) — =32 F(9D) € Z.

= gauge invariant modification of the vector charge

Considering consistency,

294,a
Y imi = =5 (Cper—y,p, Fr2(p) + X F(9D5)) = —2q40Q
Vector charges saturate 1st Chern number Q. —> index theorem!
| | | l | |
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Selection rule |l

The case of axial charged objects ?

Axial charged objects are vertex operator :Vy, y(n) = e/ 2o nada(n)
For a non-zero correlation function, (under global shift : ¢a (n) = da(n) + £a)

Sy Na= 27r Zper F12(F) = qv.o @ (I labels vertex operators.)
Two Q, Q7If |F| < 8,8 — small enough, then Q = Q

Weyl fermions case, for example, Py, ~ e~ "®=«(M/2M, _ (D).
Py 1, saturate only when q; ,Q < 0.

As a result, it is consistent with the fermion number anomaly :

sz d2x3MJ,l;’R(X) =FqrQO (Q= % f/vl2 F)
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Conclusion

Message

We construct 2D U(1) chiral gauge theory on the lattice with
respecting the admissibility condition.

— Excision method (Vector charges are “hole".)

(*)Related Work : [Berkowitz, Cherman, Jacobson, 2023]
= Vector charges represent by using dual scalar.(Modified Villain)

In this sense, ours is “yet another”.

(*)Limitation : Our formulation cannot be used when qv  is a half-integer

Future direction

> Generalize Excision method to higher dimension (to appear)

» Lattice formulation via non-abelian bosonization (on going)
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Back up

sup [Doa(n, p)| <, sup [2qa,aFu(n)] <0
n,u np,v
29a.a 1 24,0
Euv {Auga,u(n) - q; N;W(”)” = P Epv |:AMD¢("7 v) — 9. F;W(”)H

2 1
< —e+—6<1
s 27

Z(n”u,)Ep D(ba(nv :u) = AMD¢a(n7 V) - A,,Dan(n, ;“) = 2qA,aFlw(n)
(generalization of the Bianchi identity)
F(ap) = % In H(n,,u)ea’D U(n’ u) = Z(H,V)€8D Aﬂ(n) + 27TN(6D)

In the presence of the “hole”, we can “avoid” the bound
Z(n,;L)EBD D(Zsa(naﬂ) = mq + 2qA.,OtF(aD)

(generalization of the vector charge)
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